Three balance trials, each involving 12 crossbred gilts averaging 35.2 kg body weight, were conducted to determine the effects of dietary fiber and virginiamycin on nutrient digestibility, mineral absorption and retention, and digesta rate of passage (RP). Two levels of fiber (13.5 and 20.2% neutral detergent fiber) and two levels of virginiamycin (0 and 11 ppm) were used in a 2 x 2 factorial arrangement of treatments. All diets were isonitrogenous and isocaloric. The RP was determined by observing the time required for a change in feces color after the addition of .5% chromic oxide to the diet. The high fiber diet had a faster (P<.01) RP, which was associated with depressions (P<.001) in the digestibility of dry matter (DM), energy (E), cell contents, neutral detergent fiber (NDF), acid detergent fiber (ADF), hemicellulose (HC), cellulose, permanganate lignin and ash. Virginiamycin supplementation slowed (P<.004) the RP of both low and high fiber diets, but improved (P<.05) the DM, E, NDF, ADF, HC and cellulose digestibility of the high fiber diet only. Fiber increased (P<.06) fecal N excretion, whereas virginiamycin supplementation decreased (P<.08) fecal N excretion. The addition of virginiamycin improved the absorption 1 Dept. of Anim. Sci. 2Appreciation is expressed to Dr. D. R. Notter for advice on statistical analysis, to K. L. Bryant and C. C. Austin for assistance in collecting samples, to SrnithKline Animal Health Products, Philadelphia, PA for supplying virginiamycin, to Helen Bartlett for data analysis, to Cindy Hixon for typing and to the Corsortiurn for International Agricultural Education Development, US AID for the Scholarship awarded to the senior author.
Introduction
It is now widely recognized that fibrous feedstuffs will play an important role in swine production in the future as competition for traditional low fiber feedstuffs becomes greater. Although the use of fibrous feedstuffs in swine diets is physiologically permissible (Rerat, 1978) and economically advantageous, the depressing effects of high levels of fiber on the digestion of other nutrients (Cunningham et al., 1962; Pond et al., 1962; Bowland et al., 1970; Keys and DeBarthe, 1974; Campabadal et al., 1976; Kornegay, 1978; Kass et al., 1980) present grounds for concern. The mechanism(s) by which high levels of fiber affects the apparent digestibility of other dietary constituents is not clearly understood at the present time. One possible mechanism of action is through its effect in increasing the rate of passage of digesta (Kass et al., 1980) . With a faster rate of passage, less opportunity exists for both enzymatic and microbial digestion in the digestive tract. 400 JOURNAL OF ANIMAL SCIENCE, Vol. 59, No. 2, 1984 50.00 Soybean meal 18.62 16.20 Corn oil 6.00 Defluorinated phosphate .90 1.07 Limestone . Cu, .10; Fe, .50; I, .01 ; Mn, .80; Zn, 1.0; sulfur, .24; NaCI (balance) .
Ccalculated values.
Virginiamycin, an antibiotic developed solely for use in animal feeding, has been recently shown to slow the rate of passage of digesta in swine (Fausch, 1981) . This finding appears promising for counteracting the faster rate of passage of fibrous ingredients and thus improving nutrient utilization in diets containing fibrous feedstuffs.
The present study was conducted to evaluate the influence of crude fiber level and virginiamycin 3 on nutrient absorption and retention, and rate of passage of digesta in growing swine.
s Supplied by SmithKline Animal Health Products, Philadelphia, PA.
Materials and Methods
Balance Trials. Three trials, each involving 12 crossbred gilts averaging 35.2 kg body weight, were conducted to determine the effects of two levels of crude fiber (3.2 and 7.3% corresponding to 13.5 and 20.2% cell walls) find two levels of virginiamycin (0 and 11 ppm) on nutritional variables. A 2 x 2 factorial arrangement of treatments was used in each trial.
Two basal diets were formulated as shown in table 1. Both diets were isonitrogenous and isocaloric. The low fiber diet was based on corn as the cereal source. The high fiber diet was formulated using 50% medium ground (9.5 mm screen) oats and the resultant dilution in metabolizable energy was balanced by the addition of 6% corn oil. Each of the two basal diets were fed with and without supplementation of 11 ppm virginiamycin.
Pigs were assigned randomly to each of the four dietary treatments from outcome groups based on weight. Animals were individually housed in stainless steel metabolism cages in an environmentally controlled room (24 + 1 C) and allowed 7 to 10 d to adapt to the cages. Experimental diets (3.5% of body weight) were mixed with equal amounts of water and gilts were fed in two equal feedings (at 0800 and 1800 h) during an 8-d adjustment period that preceded a 5-d collection period. Drinking water was provided in the troughs after each meal.
Urine was filtered through glass wool into Nalgene bottles. The pH was checked daily and an appropriate amount of 25% v/v H2 SO4 was added to maintain the pH below 5.5. Urine collections were pooled daily and volume was measured on d 5. Aliquots were taken for analyses and frozen. Total fecal collections were made daily, weighed and dried in a forced-air oven at 60C for 36 h. After drying, the samples were allowed to attain equilibrium with atmospheric moisture, reweighed and stored in sealed plastic bags. At the end of the collection period, the dried feces were pooled and ground in a Wiley mill equipped with a 40-mesh screen before representative samples were taken.
A Parr oxygen bomb calorimeter was used to determine the gross energy of feed and feces. Samples of approximately 250 ml of urine were lyophilized and the dry matter of the urine was calculated. Gross energy of the lyophilized urine was determined in the bomb calorimeter using approximately 1 g dried urine with .5 ml of ethanol added to each sample to facilitate ignition. The correction factor for urinary N was calculated from the balance trial data to be 14.27 kcal/g of urinary N excreted. Ash determinations on feed and fecal samples and Kjeldahl N of feed, fecal and urine samples were made by the standard AOAC (1970) procedures. Neutral detergent fiber, cell contents, acid detergent fiber, cellulose, hemicellulose and permanganate lignin were analyzed according to the procedures of Goering and Van Soest (1970) and Robertson and Van Soest (1977) . A Perkin-Elmer 403 atomic absorption spectrophotometer was used to determine all minerals, except P, after wet ashing using concentrated HNO3 and HC104. Phosphorus was determined by the colorimetric procedure of Fiske and Subbarow (1925) .
Rate of Passage Trials. Rate of passage of digesta through the digestive tract was determined using the same three groups of 12 crossbred gilts as used in balance trials. Three determinations of passage rate were made with one group of pigs, (with 1 wk between determinations), while the other two groups were used for one determination each. Experimental diets (same as in balance trials) were fed in gruel-form for at least 7 d before the observations began. Because passage rate is significantly influenced by level of intake (Parker and Clawson, 1967) , pigs were limitfed 5.5% of body weight each day in two equal feedings.
Passage rate was measured by adding .5% chromic oxide to the diets in the morning and visually observing the time required for the first appearance of marker in the feces. The pigs were checked every 15 min starting from 6 h after feeding for fecal excretion and for first appearance of .the marker.
Variables from both balance trials and rate of passage trials were analyzed by a randomized complete block design using analysis of variance (SAS, 1979) .
ResuLts and Discussion
Daily gain and feed efficiency were similar for gilts fed high and low levels of fiber (table  2) . This response is in agreement with the findings of Baird et al. (1975) , who reported that pigs can sustain growth performance with high levels of fiber when the energy density of the diet is adequate. Although a trend towards improvement was observed when the high fiber diet was supplemented with virginiamycin, the differences were not statistically significant (table 2) . Data on the performance traits, however, should not be considered conclusive because of the short duration of balance trials.
Fecal dry matter output increased (P<.001) as the level of fiber was increased in the diet, which is in accord with reports by Kornegay (1978 Kornegay ( , 1981 . On the other hand, virginiamycin supplementation decreased (P<.05) fecal dry matter output of both diets with the effect being much larger for the high fiber diet. Percentage dry matter in fresh feces did not differ among pigs fed different dietary treatments, although a four percentage unit increase was observed for pigs fed the high fiber diet without virginiamycin. However, others (Henry, 1976; Kornegay, 1978 Kornegay, , 1981 Kass et al., 1980) have reported a decrease in fecal dry matter percentage with increasing levels of fiber. Fiber level had no effect on urine volume. Kornegay (1981) found no difference in urine volume among gilts fed different levels of soybean hulls, but others (Henry, 1976; Kornegay, 1978) have reported a decrease in urine volume as the level of fiber was increased. Virginiamycin supplementation did not significantly affect urine volume, but values tended to increase with supplementation.
Energy, Van Soest Components and Nitrogen Balance.
Effects of fiber and virginiamycin on digestion coefficients, percentage metabolizability of energy and N balance are shown in table 3. Increasing the level of fiber depressed the digestibility of dry matter (P<.001), energy (P<.001), crude protein (P<.10) and ash (P<.001), which is in agreement with previous reports (Cunningham et al., 1962; Pond et al., 1962; Bowland et al., 1970; Keys and DeBarthe, 1974; Campabadal et al., 1976; Kornegay, 1978; Kass et al., 1980) . The effects of fiber on the digestibility of fibrous components have been varied. The lower (P<.001) digestibility of cell contents, neutral detergent fiber, acid detergent fiber, hemicellulose, cellulose and lignin with the increased level of fiber in the diet is in consensus with those reported by Pollmann et al. (1979) . However, Kornegay (1978 Kornegay ( , 1981 observed an increase in digestion coefficients for acid detergent fiber, cellulose and lignin as soybean hulls were substituted for a corn-soybean meal basal diet, but the digestion of neutral detergent fiber and hemicellulose was not affected. Keys et al. (1970) reported that increasing the dietary cell wall content had no effect on the digestibility of cell wall and cellulose, but depressed the digestion of hemicellulose. The variation that exists in the chemical composition of cell wails of fibrous feedstuffs may be the major factor contributing to these variable results.
Increased fecal N excretion with increasing levels of fiber has been shown by several researchers (Meyer, 1956; Whiting and Bezeau, 1957; Fahey et al., 1980) . Farrell (1973) and Mason et al. (1976) attributed this increase in fecal N to an increase in bacterial N, a result of increased bacterial activity on high fiber diets. Our findings are in agreement with these results, but disagree with those of Kass et at. (1980) and Sherry et al. (1981) who found no effect of fiber level on fecal N. Although N digestibility was depressed (P<.10), because of a nonsignificant decrease in urinary N excretion, N retention as a percentage of digested N was increased (P<.09) for the animals fed high fiber diets. Similar effects of fiber on N retention have been aprobability of a chance occurrence of differences of this magnitude.
bstandard error of means.
CEach value represents a mean of nine pigs.
dcorrected for urinary N.
epercentage of intake.
fPercentage of digested.
gEach value represents a mean of 15 observations. reported by Likuski et al. (1961) , Corley et al. (1978) , Kornegay (1978) and Sherry et al. (1981) . Conversely, Fahey et al. (1980) found no significant effect on N retention by the addition of 10% solka floe, alphacel or hydrolyzed alphacel to a semipurified diet. It appears that level and source of fiber and type of diet influence N retention (Sherry et al., 1981) . Digestion coefficients for dry matter (P<.O01), energy (P<.O02), crude protein (P<.ll), ash (P<.04) and metabolizability of energy (P<.04) were increased by the 4Mixture of chlortetracycline, sulfamethazine and penicillin. supplementation of virginiamycin (table 3) . Although virginiamycin supplementation increased neutral detergent fiber digestibility, the differences only approached significance (P<.IO). Virginiamycin supplementation had no significant effect on the digestibility of any of the cell wall components. Our results are in agreement with those of Gorrill et al. (1960) , who found an improvement in energy digestibility after supplementation with a mixture of penicillin, streptomycin and aureomycin. However, Sherry et al. (1981) reported that Aureo-SP 2504 supplementation had no effect on the digestibility of cellulose or energy in growing swine. Conversely, Forbes and Hamilton (1952) observed that inclusion of sulfathalidine resulted in significant reductions in crude fiber and cellulose digestibil-ity in swine. Gargallo and Zimmerman (1980) reported that the infusion of neomycin into the cecum of growing pigs resulted in the complete arrest of cellulose digestion. These studies suggest that source and level of antibiotic influence the effect of antibiotics on microbial fermentation and cell wall component digestion. It is possible that virginiamycin either does not inhibit the microflora capable of hydrolyzing cell-wall components or that it alters-the large intestinal environment such that it favors these organisms, thereby improving the energy utilization.
Fecal N excretion was decreased (P<.08) by virginiamycin supplementation (table 3) . Mason et al. (1976) attributed this reduction to a decrease in the proportion of N of microbial origin in the total fecal N. However, because of a significant (P<.06) increase in urinary N excretion, N retention (both as a percentage of intake and digested nitrogen) was depressed (P<.09 and .07, respectively) with virginiamycin supplementation. To the contrary, Sherry et al. (1981) reported that addition of Aureo-SP 250 depressed urinary N excretion. They attributed this depression, in part, to changes in microbial metabolic activities. Our data are insufficient to explain the reduction in N balance due to virginiamycin supplementation, especially because the average daily gain of pigs was not affected by the treatments (table 2) . Fiber x virginiamycin interactions were observed for dry matter (P<.02), digestible energy (P<.04), neutral detergent fiber (P<;02), acid detergent fiber (P<.005), hemicellulose (P<.03), cellulose (P<.03) digestion coefficients and percentage metabolizability of energy (P<.06; table 3), indicating that virginiamycin is beneficial in improving the fiber and energy utilization when supplemented to a high fiber diet but not when supplemented to a low fiber diet.
Mineral Balance. The main effects of fiber and virginiamycin were significant for several of the minerals, but due to significant interactions, individual treatment means are presented in table 4. In the absence of virginiamycin, absorption and retention (as percentage of intake) of P, Mg, Cu and Mn were only slightly higher for the high fiber diet compared with the low fiber diet, whereas in the presence of virginiamycin, absorption and retention were greatly improved for the high fiber diet with little or no improvement for the low fiber diets. Calcium and Zn absorption and retention were depressed slightly for pigs fed the high fiber in the absence of virginiamycin, but were greatly improved when virginiamycin was added to the high fiber diet with no effect of virginiamycin when added to the low fiber diet. The absorption and retention of Fe were similar for pigs fed the tow and high fiber diets and, although the difference was nonsignificant, pigs fed the high fiber diet with virginiamycin had the largest absorption and retention values. The absorption of K and Na was depressed for pigs fed the high fiber diets. However, the retention of K was greater for pigs fed the high fiber diets, with no difference in the retention of Na between pigs fed the high and tow fiber diets. Virginiamycin had no effect (P>.10) on the absorption and retention of K and Na with either the low or the high fiber diets.
Retention of Ca, Cu, Fe, Zn and Mn, expressed .as a percentage of absorption,, was similar for pigs fed low and high fiber diets with and without virginiamycin with 95 to 98% of the absorbed minerals being retained. Retention, expressed as a percentage of absorbed, appeared to be depressed slightly for P and elevated slightly for Mg when the high fiber diets were fed.
Studies dealing with mineral absorption and retention in pigs as affected by dietary fiber and antibiotics are extremely limited and generally present conflicting results (Collings et al., 1979; Partridge, 1980; Gueguen et al., 1981; Moser et al., 1982) . That high fiber diets could lead to mineral deficiencies has long been known (McCance and Widdowson, 1942) , however, scientists disagree as to whether the deleterious effects observed in humans and laboratory animals are due to phytic acid or to a combination of phytic acid and fiber (Reinhold et al., 1975; Davies et al., 1977; Erdman, 1979; Ranhotra et al., 1979) .
The influence that any fibrous ingredient may have on mineral utilization will depend upon its composition (especially fibrous components) and the level at which it is fed, as well as the level and source of minerals in the diet. The authors are unaware of any studies dealing with the influence of antibiotics on mineral utilization.
Rate of Passage Studies. Rate of passage of digesta through the digestive tract, as mea- sured by the appearance of chromic oxide in the feces, was faster (P<.01) with the high fiber diet (table 3) . This faster rate of passage was associated with depressions in the digestion of dry matter and other dietary constituents (table 3) . This relationship appears to be due to the decrease in time available for microbial and enzymatic digestion. Kass et al. (1980) also related faster passage rate to less efficient digestion in swine. The faster rate of passage of high fiber diets is attributed primarily to the mechanical stimulus of dis-tention due to the presence of bulky residues in the colon (Monte, 1981) .
Supplementation with virginiamycin prolonged (P<.O04) the passage rate of digesta from 20.6 to 26.7 h (table 3), confirming the findings of Fausch (1981) . This slower passage rate was associated with improved digestion coefficients for dry matter, energy, crude protein, ash and metabolizability of energy (table 3) , further highlighting the crucial relationship that appears to exist between passage rate and digestion.
No fiber x virginiamycin interaction was observed with regard to the rate of passage (table 3) . Virginiamycin slowed the passage rate of digesta of both low and high fiber diets, but improved absorption and retention only in swine fed the high fiber diet (table  3) . If the large intestine is the primary organ regulating the passage rate of digesta and dietary fiber (Clemens et al., 1975; Kass et al., 1980) , our data suggest that virginiamycin prolongs the retention of digesta in the large intestine, thereby exposing digesta high in cell wall content to microbial digestion for a longer time. The improved energy digestibility and metabolizability indicate that products of cell wall degradation are utilized for energy by the swine.
The results reported herein suggest that virginiamycin supplementation to a high fiber diet is more beneficial than to a low fiber diet. Virginiamycin slows the rate of passage of digesta and improves nutrient utilization and mineral retention, perhaps through its influence on large intestine microorganisms that favor cell wall degradation. Further studies on the microbiology of the large intestine are needed before the mechanisms(s) by which virginiamycin alters the passage rate and fiber digestion and mineral absorption and retention can be elucidated. These results also suggest that minerals in oats are as well utilized as in corn, and that the fibrous components of oats do not have a depressing effect on mineral utilization at the level fed in these trials.
